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With the increase in energy consumption by buildings in keeping the indoor environment within the comfort levels and the ever
increase of energy price there is need to design buildings that require minimal energy to keep the indoor environment within the
comfort levels. There is need to predict the indoor temperature during the design stage. In this paper a statistical indoor temperature
prediction model was developed. A passive solar house was constructed; thermal behaviour was simulated using ECOTECT and
DOE computer software. The thermal behaviour of the house was monitored for a year. The indoor temperature was observed to
be in the comfort level for 85% of the total time monitored. The simulation results were compared with the measured results and
those from the prediction model. The statistical prediction model was found to agree (95%) with the measured results. Simulation
results were observed to agree (96%) with the statistical prediction model. Modeled indoor temperature was most sensitive to the
outdoor temperatures variations. The daily mean peak ones were found to be more pronounced in summer (5%) than in winter
(4%). The developed model can be used to predict the instantaneous indoor temperature for a specific house design.

1. Introduction
In the recent years indoor temperature distributions are
gaining greater attention in building design and operations
[1]. Due to high energy consumption by buildings and the
ever energy price increase there is an urgent need to predict
the indoor temperature distribution and energy consumption
by building during the design stage [2]. Detailed and precise
predictions of indoor thermal comfort and control of the
indoor thermal conditions and fast dynamic model of the
indoor temperature distribution are needed in the design
stage of buildings so as to select the correct materials that
will produce a thermally comfortable indoor environment
[3]. This can result in the reduction of energy consumption
in trying to keep the indoor environment within the temperature comfort levels (18∘ C to 28∘ C) and relative humidity
(30% to 70%) [4]. Due to the diversity of building materials
and climates there is need to pay particular attention to
material properties and the availability of suitable materials
in different local areas to minimize construction costs.
Recently an amount of building computer design software has

been developed to simulate indoor temperature distributions
including ECOTECT, DOE, ESP-r, and EnergyPlus [5].
ECOTECT is a complete building design and environmental analysis tool that covers the full range of simulation
and analysis functions required to understand how a building
design will operate and perform. It allows designers to work
easily in 3D and apply all the tools necessary for an energy
efficient and sustainable future.
The DOE provides the building construction and research
communities with an up-to-date, unbiased, well-documented
computer program for building energy analysis. Using DOE,
designers can quickly determine the choice of building
parameters which improve energy efficiency while maintaining thermal comfort. A user can provide a simple or
increasingly detailed description of a building design or
alternative design options and obtain an accurate estimate
of the proposed building’s energy consumption, interior
environmental conditions, and energy operation cost.
The present predicting indoor temperature methods are
cumbersome. However, fast and simpler predicting indoor
temperature models need to be developed to help architects to
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design buildings with thermally comfortable indoor environment and thus advise building constructors to select better
thermally performing building materials.
The mathematical description of thermal behaviour of
building systems is complex [6] as most of the parameters involved are probabilistic in behaviour. The activities
associated with each room (subsystem, e.g., kitchen and
bathroom) complicate indoor temperature modeling process.
The positioning of heat sources and their frequency of use
do have a significant impact on the indoor temperature
distribution. The modeling of the thermal behaviour involves
the modeling of several interconnected subsystems, with
each one containing long-time constants, nonlinearities, and
uncertainties such as convection coefficients and material
properties [7]. Moreover, external unpredicted perturbations
such as temperature and relative humidity, soil temperature,
solar radiation effects, and other sources of energy such
as people illumination and equipment should be taken
into account [8]. The generalized mathematical model for
predicting indoor temperature of any building has to take
into account the weather conditions to which the building is
exposed and thermal properties of the building [9].
A number of indoor temperature predicting models
have been developed. Givoni [10] developed very simple
experimental predictive formula of the indoor temperatures
of uninhabited houses. It was demonstrated that the indoor
daily maximum and daily average temperatures (in degree
Celsius) could be predicted on the basis of only the daily
outdoors average temperatures. The formula developed by
Givoni was as follows:
𝑇max-in = 𝑇max-out − 0.3 (𝑇max-out − 𝑇min-out ) + 1.6,

(1)

where 𝑇max-in is the indoor maximum temperature, 𝑇max-out
is the outdoor maximum temperature, and 𝑇min-out is the
outdoor minimum temperature.
Ogoli [11] also did a similar study and developed the
following formula:
𝑇max-in = 𝑇max-out − 0.4 (𝑇max-out − 𝑇min-out ) + 2.44.

(2)

Construction materials also have a significant impact on
the indoor temperature distribution. The properties of construction materials were also attributed to different leveling
temperature constants in (1) and (2) which are 1.6∘ C and
2.44∘ C, respectively. The differences between the formulae
of Givoni [12] and Ogoli [11] were also due to the different
weather conditions and the fact that Givoni’s study was
carried out in open naturally ventilated test chambers, while
Ogoli’s study was for closed test chambers. Givoni and
Ogoli only considered the outdoor temperature as the only
influencing parameter to the indoor temperature. However,
the indoor temperature is affected by a number of parameters,
which include wind speed and direction, relative humidity,
solar radiation, outdoor temperature, and landscape [13].
Some of these parameters are not independent, for example,
relative humidity and temperature [14]. High wind speeds
have the tendency to lower the indoor temperature and
the effect depends on the wind direction with respect to

window orientations and their operation. High solar radiation heats the walls and roof which in turn transfer the
thermal energy through conduction and convection to the
indoor environment. In an unoccupied house one can have
a complete control over the conditions of the house, whether
to open or close, shade or unshade the windows, and so
forth. In occupied buildings the situation is very different
as the occupants have complete freedom to change the
conditions according to their changing needs. The activities
of the occupants have a significant influence on the indoor
temperature distribution [15].
Hemmi [16] developed a model which divides the room
air volume into several ideally mixed zones that were connected both in series and in parallel with respect to the
mass air flow in the room. The precondition for the model
of Hemmi was that the air mass flow between one zone
and another could be prescribed but Hemmi never gave a
theoretical method of how it could be prescribed. Peng and
van Paassen [17] studied the prediction of indoor dynamic
temperature distributions by using a fixed-flow-field obtained
from (computational fluid dynamics) CFD calculation. The
fundamental differential equations in CFD are the continuity,
momentum conservation, and energy conservation equations. The basic idea of CFD is that the flow domain is first
divided in thousands of finite volumes by setting a grid. For
every finite volume of the grid, the conservation equations
are solved iteratively until the solutions of all variables for
all volumes have converged. However, CFD method is timeconsuming [18] and faster easy methods are needed to
predict indoor temperature distribution and assist architects
to design buildings according to thermal performance.
Another very important approach is the statistical model
approach. This approach allows estimating the probabilistic
future thermal behaviour of buildings based on monitored
statistical information, such as outdoor temperature and
relative humidity. The thermal performance of buildings is
probabilistic as it does depend on a number of stochastic
parameters such as the occupants’ behaviour in operating
the ventilation components and indoor human activities.
Some can even choose to close doors to avoid pets getting
inside thus compromising the thermal performance of the
house. Indoor temperature depends not only on outdoor
temperature but also on other parameters such as occupants
and heat producing equipment (whether they are on or
off). These parameters sometimes are uncertain and in some
cases are difficult to find the exact information. This leads
to the uncertainty in indoor temperature calculation result.
Parameters which affect indoor temperature can be divided
into two types, that is, uncontrollable and controllable
parameters. Uncontrollable parameters such as ambient air
temperature, wind direction and speed, and solar radiation
affect the change in the probability of the indoor temperature
distribution, while controllable parameters, such as type and
shading coefficient of glass, do not affect the change in the
probability of the indoor temperature variation.
The aim of this paper is to use the statistical method
to predict the indoor temperature distribution in occupied
low cost passive solar house constructed from fly ash bricks.
Fly ash bricks were used because of their advantageous
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properties, low thermal conductivity, low water absorption,
and high thermal compression [4]. The model house, passive solar house (PSH), was built in Somerset East (South
Africa) which has the following properties: 32∘ 42/S latitude,
25∘ 33/E longitude, and an altitude of 790 m. It experiences a
subtropical type of climate with long hot summer months and
moderate sunny winter months with annual daily average of
7-8 sunshine hours [19].
During the monitoring period three people were staying
in the house, a couple and their grandson. The two were
pensioners and they were always at home, while the grandson
attends school from 07:30 to 13:00.

2. Methodology
2.1. Simulation. The modeling approach in this study
includes the following:
(i) Selection of indoor temperature simulation software
(ECOTECT and DOE were selected).
(ii) Development of the passive solar house (PSH) model
that could be deployed for the indoor temperature
simulation.
(iii) Construction of the PSH model.
(iv) Monitoring the thermal behaviour of the PSH model.
(v) Development of the statistical model for the prediction of the indoor temperature.
The simulation results from DOE and ECOTECT were
compared with the developed statistical predicting model.
ECOTECT was used in the simulation process because it has
the ability to identify the input files of a building by drawing
a model of the building and it has the ability to export the
input data to other simulation modeling programs, such as
DOE. For the purpose of simulation the following parameters
were entered: temperature, relative humidity, diffuse solar
radiation, global radiation, wind speed, cloud cover, rainfall,
wall thickness, types of wall materials, types of roof materials,
type of glass window, window closed or open, type of floor
material, length of overhangs, and slab thickness.
2.2. Data Acquisition System. Monitoring sensors were
installed indoors and outdoors. A weather station was
installed to measure the comfort parameters, that is, wind
speed and direction, solar radiation, temperature, and
humidity. Figure 1 shows the weather station installed on
the top of the roof and the automated data acquisition
system. Sensors installed to monitor the thermal performance of the house included 26 Type K thermocouples for
the measurement of outdoor and indoor air temperatures,
2 HMP50 temperature-humidity probe, model 03001 wind
sentry anemometer and vane, and a pyranometer.
Thermocouples were placed at three height levels, thus
creating three planes: the lower plane level at a height of
𝑧 = 1 m, the middle plane level at a height of 𝑧 =
1.5 m, and the upper plane level at a height of 𝑧 = 2.6 m.
The thermocouples for lower plane level are labeled: 26,
19, 20, 21, 22, 23, 18, and 25; for the middle plane level
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they are labeled: 17, 10, 11, 12, 13, 14, 6, and 16; and for the
upper plane level they are labeled: 8, 1, 2, 3, 4, 9, 5, 15, 24,
and 7. Figure 2 shows how thermocouples were distributed
to measure indoor and outdoor temperatures. A HMP50
temperature-humidity sensor was placed in the centre of the
building at a height of about 2 m above the floor, while the
second HMP50 temperature-humidity sensor was placed on
the top of the roof. All sensors were connected to a CR1000
data logger and readings were recorded at 30-minute interval.
2.3. Design of the Model House (PSH). The house design
was made to minimize space-conditioning loads by using
fly ash brick walls and a concrete floor as the thermal
mass. The house floor plan measured 6880 mm by 6580 mm.
An open plan layout was adopted in order to optimize
natural ventilation since mechanical ventilation systems were
avoided to keep the running cost of the house low. The roof
was split into two, the lower and upper roof. The lower roof
faces north, while the higher roof faces south. This was done
to insert clerestory windows making it possible to direct solar
radiation to the desired rear zone (floor and southern wall)
and to maximize day lighting, thus minimizing the use of
electricity during the day. A door and two windows are on the
north wall, a door and a small window are on the west wall,
two windows are on the south wall, and one small window is
on the east wall. Table 1 shows the performance parameters of
materials used to construct the PSH. Thermal admittance is a
measure of a material’s ability to absorb heat from and release
heat to a space over time and this gives an indication of the
thermal storage capacity of a material. Thermal admittance
(𝑌) is calculated as 𝑌 = (𝑄/𝐴)Δ𝑇, where 𝑄 is the heat
transfer, 𝐴 is the surface area, and Δ𝑇 is the temperature
differences between the surfaces of the material. The thicker
and more resistive the material is the longer it will take for
heat waves to pass through. The time delay due to the thermal
mass is known as a time lag. The reduction in temperature on
the inside surface compared to the outside surface is known
as decrement factor. The decrement factor is calculated as
Γ = (𝑇out − 𝑇in )/𝑇out , where 𝑇out > 𝑇in .
2.4. Operation of the House. In winter (May to August) the
sun rises almost at the northeast but following a low northern
path in the sky and then sets at the northwest. From May to
August the maximum sun’s angle of each day ranges from 34∘
to 45∘ and these maximum angles occur at around 12:15 pm
local time with 21st June having the smallest angle. So the
north facing windows allow solar radiation to enter the house
and the clerestory windows allow the south wall and the far
south floor to receive solar radiation. The thermal masses of
high heat capacity (i.e., concrete floor of 100 mm in thickness
and the wall made from fly ash bricks) absorb the short wave
solar radiation during the day. Figure 3 shows how the lower
winter sun enters indoors and heats the thermal mass and
how the summer sun is prevented from entering indoors by
the overhangs.
Since the thermal masses have high heat capacity, they
will absorb large amount of solar energy but with minimal
temperature variation. This minimal temperature variation
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Figure 1: Experimental setup. (a) External sensors. (b) Automated data acquisition system.
Table 1: Properties of the basic material elements used in the construction of the PSH.
𝑈 value (W/m2 K)
2.56
7.14
1.78
6.00

Element
Floor
Roof
Wall
Window

5
15

24

7

6
16
18

Admittance (W/m2 K)
4.20
7.10
4.59
6.00

9

14

4
8 13

23

22

3
1

2

12
17

11

10
21

20

25
26

Thermal decrement
0.70
0.00
0.37
—

Thermal lag (hours)
4
1
8
—

to the clerestory windows, the upper roof was extended out
by 200 mm, while the lower roof was extended in by 100 mm
and this arrangement eliminates the possible entrance of solar
radiation in summer while allowing maximum entrance in
winter. Somerset East experiences westerly prevailing winds
in summer, so the small windows on the west and east make
it possible to control the ventilation rate. The clerestory windows and the south windows enhance controllable natural
ventilation rate and help to control the temperature to remain
within the comfort zone (18∘ C to 28∘ C).

19

3. Results
Red: lower level
Blue: middle level

Green: upper level

Figure 2: Distribution of thermocouples.

avoids the indoor overheat, thus keeping the indoor temperature within the comfort levels. At night, as the outdoor
temperature falls, the thermal mass slowly radiates longwave radiation heating the indoor air therefore keeping the
indoor air temperature within the thermal comfort levels.
The window glazes are opaque to the long-wave thermal
radiation, so the thermal radiation emitted by the thermal
mass is trapped indoors and this minimizes the heat losses.
In summer the sun almost rises from the east and sets
on the west and the overhangs on the windows eliminate the
possibility of the sunrays to penetrate indoors. With reference

3.1. Outdoor and Indoor Temperatures. The behaviour of
occupants was found to have a significant impact on the
indoor thermal environment, that is, the management of the
ventilation components (closing and opening of windows
and doors). The indoor temperature within the building
was found to be the result of heating and heat transfer
between the building and the environment. Figure 4 shows
the fluctuations of the indoor temperature in response to the
outdoor temperature fluctuations.
A common feature observed was the tendency of similarity between the peak indoor temperatures and the peak
outdoor temperatures. Givoni also saw this observation in
several studies in California [10, 12] and Israel [20]. The
maximum indoor temperature was found to lag behind
the maximum outdoor temperature by an average of two
hours. From Figure 4 it can be observed that there is distinct
general variation of the indoor temperature in response to the
outdoor temperature for summer and winter. With reference
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Figure 3: Operation of the passive solar house.
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Equations (5) and (6) are the best-fit equations for the
variation of the indoor and outdoor temperatures for the
winter period:
𝑇in = 19.5 + 4.5cos (

𝜋
17
𝑡 − ),
12
12

(5)

with 𝑅2 = 0.967 and standard error of ±2.2%;
3/4

23/4

13/5

2/6

𝑇out = 16.7 + 9.2cos (

22/6

Indoor temperature
Outdoor temperature

Figure 4: The response of the indoor and outdoor temperature
variations.

to Figure 4, the average temperature and the daily mean
temperature amplitude for the whole period were calculated.
Using these parameters the best-fit equations for the daily
temperature variations were established. Equations (3) and
(4) are the best-fit equations for the daily general variation of
the indoor and outdoor temperatures for the summer period:
𝑇in = 21.3 + 5.2 cos (

𝜋
7𝜋
𝑡−
),
12
6

(3)

with 𝑅2 = 0.974 and standard error of ±2%;
𝑇out = 23.4 + 7.7 cos (

𝜋
4𝜋
),
𝑡−
12
3

with 𝑅2 = 0.988 and standard error of ±1.8%.

(4)

𝜋
5𝜋
𝑡−
)
12
4

(6)

with 𝑅2 = 0.979 and standard error of ∓2.1%, where 𝑇out
and 𝑇in are outdoor and indoor temperature, respectively.
For the summer period the maximum outdoor temperatures
were observed to occur at around 14:00 and the maximum
indoor temperature occurred at around 16:00, while for the
winter period the maximum outdoor temperature occurred
at around 15:00 and the maximum indoor temperature
occurred at around 17:00. With reference to (3) to (6) it was
observed that in summer the average indoor temperature
swing was about 10.4∘ C, while in winter the average indoor
temperature swing was about 9∘ C.
The time delay (2 hours) of the indoor temperature to
attain the peak value in relation to the outdoor temperature
indicates that the wall materials used have high heat retention
capacity with minimal temperature variation. This makes the
indoor environment warm in winter, and in summer the
sun shaded off thus keeping the indoor temperature within
the comfort levels. When the sun sets at around 17:00 in
winter the indoor air will be at highest temperatures thus
keeping the indoor environment within the comfort levels
for a considerable time eliminating the need of using heating
devices.
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Figure 5: Variation of indoor temperature with solar radiation (5
November).

3.2. Variation of the Indoor Temperature with Solar Radiation.
The solar radiation was seen to have a significant impact
on the indoor temperature distribution. Figure 5 shows the
variation of the indoor temperature with the solar radiation
for a particular day (5 November). From Figure 5 it can be
observed that the indoor temperature generally follows the
fluctuations of the solar radiation but with a thermal time
delay of about 2 h 30 min.
The thermal time delay is due to the thermal inertia of
the building materials used. The thermal time delay makes
it possible for the indoor temperature to remain within the
comfort levels during the winter nights.
Figures 6 and 7 show the daily maxima and minima temperature variations for winter and summer seasons, respectively. From the two graphs it can be seen that the summer
period experienced higher daily indoor temperatures swings.
In winter the mean maximum indoor temperature was found
to be within the temperature comfort levels, while in summer
it was above the upper bound comfort level by 5∘ C. However,
in winter, the mean minimum indoor temperature was lower
than the lower bound comfort levels by 3∘ C, while in summer
the mean indoor temperature was within the comfort levels.
During winter and night, the zinc roof loses thermal energy
fast as the ambient temperature falls rapidly. However, this
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Figure 6: Daily maximum and minimum temperatures indoors
during the winter period.
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In South Africa the recommended indoor temperature
comfort levels range from 18∘ C to 28∘ C and with reference
to Figure 4 the indoor temperature was observed to be within
the comfort levels for 85% of the time. This means that during
this period there will be no need of heating/cooling the
indoor environment resulting in energy saving. The indoor
temperatures were always lower than the outdoor temperatures during the daytime but the situation was reversed
during night time. As the sun sets the outdoor temperature
falls much faster than the indoor temperature and heat flows
from the inner walls to the outer walls. With reference to
Figure 4 the mean indoor temperature was lower than the
mean outdoor temperature by about 3.1∘ C, while the mean
indoor minimum temperatures were greater than the mean
minimum outdoor temperature by 4.5∘ C.
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Figure 7: Daily maximum and minimum temperatures indoors
during the summer period.

fast fall of temperature can be mitigated by the installation of
ceiling thus maintaining the indoor temperature within the
comfort levels.
3.3. Correlating Indoor and Outdoor Temperatures. Figure 8
shows the best-fit correlation of the indoor to the outdoor
temperature. The correlation function was found to be as
follows:
𝑇in = 1.0699𝑇out − 6.1731: for 𝑝 = 0.01;
𝑅2 = 0.8594: standard error of ± 2.312∘ C.

(7)

From Figure 8 it was observed that the outdoor temperature
has a significant impact on the indoor temperature. The data
dispersion indicates that there are other outdoor weather
parameters which affect the indoor temperature distribution.
It must be noted that human activities significantly affect the
indoor temperatures and this gives data dispersion. In the
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Figure 10: Comparison of the measured and the modeled temperatures.

The above formula can be expressed in the following form:
𝑇in = 𝑎1 ∗ 𝑇out + 𝑎2 ∗ (RH)out + 𝑎3 ∗ 𝐼 + 𝑎4 ∗ 𝑉𝑤

morning the indoor temperature is generally higher than the
outdoor temperature; however, as the sun rises, the outdoor
temperature increases faster than the indoor temperature.
The time lag of the indoor temperature in response to the
outdoor temperature is contributed mainly by the thermal
mass (walls), thus resulting in outdoor temperatures higher
than the indoor temperatures.
3.4. Correlating 𝑇in and Outdoor Relative Humidity. Figure 9
shows the correlation of indoor temperature to outdoor
relative humidity and high data dispersion was observed. The
wide data dispersion means that the outdoor temperature is
not the only outdoor weather parameter which affects the
indoor temperature. The correlation function was found to
be as follows:
𝑇in = 0.1184 (RH)out + 33.389:
2

∘

𝑅 = 0.3099; standard error of ± 7.6 C.

(8)

3.5. Indoor Temperature Modeling for the Passive Solar House.
The performance of the house was observed to depend on
how the occupants operate the house and it was assumed that
there was no heating or cooling appliance used to modify
the indoor thermal environment. Based on the monitoring
results the first stage in the development of the experimental
predictive model was to analyze the patterns of how the
indoor temperature varies with outdoor weather parameters.
Taking into account this possible dependence, a predictive
model for the indoor temperature was developed. A linear
dependence was proposed. Consider
𝑇in (𝑇out , 𝐼, 𝑉ws , RH) = 0.

(9)

+ 𝑎5 ,

(10)

where 𝑇in is indoor temperature, 𝑇out is outdoor temperature,
𝑉𝑤 is wind speed, 𝐼 is solar radiation, RHout is outdoor
relative humidity, and 𝑎𝑖 are regression coefficients, where
𝑖 = 1, 2, 3, 4, 5.
The above proposed model is a simplification of a complex dependence. It must be noted that all the parameters
involved are not independent. For example, the outdoor
temperature greatly depends on solar radiation and wind
speed. Using regression analysis the coefficients in (10) were
obtained. The obtained indoor temperature predicting model
is
𝑇in = 0.81820𝑇out + 0.013562 (RH)out − 0.12907𝑉𝑤
+ 0.00038𝐼 + 8.18

(11)

with 𝑅2 = 0.950 and standard error of ±5.
Figure 10 shows the comparison of the measured indoor
temperature (February to July) and the predicted indoor
temperature using the prediction model (11). The predicted
indoor temperature using the developed model is in good
agreement (95%) with the measured temperature values.
From (11) it can be noted that the outdoor temperature,
solar radiation, and outdoor relative humidity have a positive
contribution to the indoor temperature; that is, when the
outdoor temperature, solar radiation, and relative humidity
increase the indoor temperature also increases. But when
the wind speed increases the tendency is to lower the
indoor temperature, that is, negative contribution. From the
models it was seen that the outdoor weather parameters do
have varying impact on the indoor temperature but with
highest sensitivity to the outdoor temperature variation. The
determination of the sensitivity of the models revealed that
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Figure 11: Summer comparison of the measured and the modeled
temperatures.

Temperature (∘ C)

18

Model
ECOTECT

Model
Measured

1/6

23

8
21/2

10
22/2

8

28

13

15

32

33

10/6

13/6

16/6

19/6

22/6

25/6

Measured
Model

Figure 12: Winter comparison of the measured and the modeled
temperatures.

the indoor temperature is 89% dependent on the outdoor
temperature, 2% on relative humidity, 3.5% on wind speed
and direction, 4.6% on solar radiation, and 0.9% on other
undefined parameters. From Figure 10 it can be seen that
the predicted temperatures agree well with the measured
data; however, at high temperatures there are significant
differences with the measured temperature being higher
than the predicted. The difference between the measured
and the predicted temperatures is mostly noticed at peak
temperatures. The daily mean peak temperature differences
of the measured and the predicted temperatures are more
pronounced in summer (5%) than in winter (4%). Figures 11
and 12 show the comparison of the measured and modeled
indoor temperatures for summer and winter, respectively.
Significant differences were noted during cooking periods
when a lot of heat was generated indoors, resulting in

much higher measured indoor temperature than the model
can predict. However, measured and predicted minimum
temperatures were found to be in good agreement with small
differences of about 0.5% for summer and 0.6% for winter.
The model was found to predict lower than the minimum
measured temperatures. It is worth mentioning that the
activities of the occupancies play an important role in indoor
temperature distribution. The results suggest that the new
developed model equation can be used to predict the indoor
temperature for a high thermal building (houses constructed
from fly ash bricks) with a passive solar design in the South
African type of climate.
3.6. The Comparison of the Model with ECOTECT and DOE
Simulation Results. Figure 13 shows a comparison of the simulation results using ECOTECT and DOE and the developed
predictive model. It was observed that the simulation results
agree very well with the developed model. At minimum
temperatures ECOTECT was observed to record the lowest
values followed by DOE, but at peak temperatures the three
were observed to agree very well. This means the model can
be used to predict the instantaneous indoor temperature if the
instantaneous outdoor weather parameters are known thus
allowing architects to predict the indoor temperature.

4. Conclusions
Indoor temperatures within buildings are dynamic as there
are a number of stochastic activities which take place indoors.
The indoor temperature prediction formula was modeled. It
was found that the instantaneous indoor temperature could
be predicted if the outdoor weather variables are known
for a given house design constructed using specific building
materials. Outdoor temperature was found to be the most
influential parameter on the indoor temperature distribution.
Relative humidity, temperature, and solar radiation were
found to have an incremental effect on the indoor temperature; that is, when these parameters increase the tendency is
to increase the indoor temperature. Wind speed was found to
have lowering effect on the indoor temperature; that is, when
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the wind speed increases the effect is to decrease the indoor
temperature. The model was found to be in good agreement
with simulations results using ECOTECT building design
computer software and DOE building computer simulation
software. Results also suggest that the developed model can
be used to predict the instantaneous indoor temperature
distribution for a specific house design resulting in thermally
comfortable indoor environment with minimal energy consumption.
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